Abstract
Introduction
Over the last years, gold recovery has been the central issue in wide range of studies as a consequence of its high demand and value. These circumstances make the treatment of low-grade raw materials or refractory materials an interesting area of research. The most frequently used method for gold recovery is the cyanidation processes [1] .
Generally, gold ores can be classified as "free milling" and "refractory" depending on their response to cyanide leaching [2] . While high gold recoveries (>90%) from free milling ores can be readily achieved, refractory gold ores are often characterized by the low gold extractions (50% -80%) within a conventional cyanide leaching [3] [4] . The refractoriness of gold ores can result primarily from the inherent mineralogical features with particular reference to the mode of presence and association of gold, and to the presence of carbonaceous matter [3] .
Gold in secondary deposits results from erosion of gold bearing rock structures, transportation of the eroded material by streams and deposition in placer form. This gold is usually in native and free form and can be easily recovered by conventional cyanidation. In primary (hydrothermal) deposits, magmatic processes have introduced and finely disseminated the gold into sulfide minerals such as pyrite and arsenopyrite; the gold occurs in a submicroscopic form and it is difficult to extract by conventional cyanidation even with fine grinding [5] - [7] .
The use of ozone for gold extraction from a highly refractory concentrate has been reported [8] . They concluded that the ozone pretreatment also decreased the cyanide consumption due to the elimination of cyanide consuming sulfur species during the ozonization.
This work has reported the beneficiation efficiency of gold from Itagunmodi gold ore in Atakumosa West LGA in the State of Osun Nigeria using cyanide solution obtained from cassava and commercially available sodium cyanide analar grade.
Materials and Methods

Materials
All chemical reagents used in this work were of analytical grade and all stock solutions were prepared using distilled water. The gold ore samples were collected from two (2) selected pits from Itagunmodi in Atakumosa West LGA of Osun State. Ten different roots and leaves of different species of cassava were freshly harvested and prepared for analysis of cyanide content.
Experimental Procedure and Techniques
The physically processed ore (10 g) of sieve fraction 125 microns was weighed and poured into conical flask. There were 16 samples in the process. The first set of 8 was exposed to cyanidation with various concentrations of analytical grade NaCN solutions. The concentrations were varied from 0.25% to 2.00% CN at intervals of 0.25% CN. The second set of 8 was treated with various concentrations of cyanide solutions from cassava, the concentrations also varying from 0.25% CN to 2.00% CN at intervals of 0.25% CN. Before each stage of cyanide addition in both sets, 0.5 g calcium (II) oxide (CaO), which provides "protective alkalinity" [9] was added to the conical flask containing the mixture and oxygen (atmospheric air) was passed into the conical flask using an improvised hand dryer. The pH of the slurry was raised to pH 10 -11 using CaO to ensure that when cyanide is added, hydrogen cyanide gas is not generated. Hence, the cyanide remained in solution and was available to dissolve the gold. In both sets, the cyanide solutions were added to the weighed samples, thoroughly stirred, and heated at 85˚C [10] for one hour. The cyanide cell was left for 24 hours [11] [12] . 50 ml concentrated H 2 SO 4 was cautiously added to the mixture from the cyanidation lixiviation process and boiled for one hour at 50˚C in a fume cupboard and taking all necessary precautions to avoid any violent reaction. The mixture was allowed to cool down for one hour and decanted. 100 ml of de-ionised water was added to the mixture twice and then decanted in order to wash it to neutrality. The mixture was then washed with concentrated HCI so as to remove iron which usually co-precipitates with gold. Washing with HCI is an effective method for the removal of iron associated with gold [13] . Iron does dissolve and complex with cyanide solution along with gold. The weights of the samples were taken and recorded.
However, it was observed that there were still some impurities which added to its total weight. Hence, the need for further purification was a necessity. Each of the gold samples obtained using different cyanide concentrations was put in eight (8) pieces of 250 ml beakers. Further refining was carried out by adding 10 ml HNO 3 to the mixture and left for one hour in a fume cupboard at 50˚C. The acid was decanted and 100 ml de-ionised water was added to the mixture twice and then decanted in order to wash it to neutrality. The residue was dried in the oven for one hour at 150˚C. The results of gold cyanidation tests carried out to leach gold using various lixiviants and precipitants are presented later in a figure.
An X-ray diffractometer (XRD) (X'Pert Pro X-ray diffraction system Panalytical) was used to investigate the crystal structure of the samples. The samples were ground and pressed into the sample holder to get a smooth plane surface, and the diffraction pattern was recorded over a 2θ range of 30˚ -120˚. The diffractogram obtained was compared to the standard database of the International Centre for Diffraction Data (ICDD).
The morphological features of the samples were studied with a scanning electron microscope (SEM) JEOL Model JSM-7600F.
Results and Discussion
The XRD of the gold ore showed a lot of diffraction peaks with numerous background noise. This could be due to presence of numerous associated mineral oxides in the gold ore (Figure 1(a) ). The relative phase amounts (wt%) estimated using the Rietveld method revealed the presence of quartz (50%), Illmenite (45%) and low amount of gold (below the detection limit). The low content of gold and the size of the particles (top trace) are too small to provoke measurable reflections in the XRD. This is in tandem with the EDXRFS that showed that the gold ore contained about 19 ppm gold. The broad peaks observed revealed some amorphous property of the gold ore. In Figure 1(b) , there was zero background noise. The diffraction peaks are sharp and well defined indicating that the extracted old is crystalline in nature. The only crystalline phase present is gold because almost all the other undesirable mineral compounds have been removed through cyanidation. In Figure 1(a) , which shows the gold ore, about eighteen (18) peaks starting from 2θ = 15˚ to 2θ = 100˚ were observed while the extracted gold shown in Figure 1(b) revealed about five (5) peaks starting from 2θ = 45˚ to 2θ = 100˚.
The SEM (Plate 1(a) and Plate 1(c)) shows that the morphology of the particles of gold ore from Itagunmodi deposit is in trihedron shapes. The SEM (in Plate 1(b) and Plate 1(d) ) image shows the morphology of the particles of gold extracted in tetrahedron and hexahedron shapes. The distribution of the particles in the gold ore revealed that they are inhomogeneous and that more of the particles size falls within 100 µm (Figure 2(a) ). The average particle size was evaluated statistically to be 106 µm. From Figure 2(b) , however, the particle size distribution is more homogeneous than we have in Figure 2(a) . This may be attributed to presence of many undesirable minerals of unequal sizes that made up the gold ore. The extracted gold with particles size of 200 µm, 500 µm and 600 µm occupied 13% volume fraction each while the particle size of 200 µm, 400 µm and 900 µm are occupying 11% volume fraction. The average particle size was evaluated statistically to be 412 µm confirming that the extracted gold has larger particle size than the gold ore. This is also supported by the SEM images shown in Plate 1.
Plate 2 shows the photo-microscopy of the gold yield leached using various concentrations of sodium cyanide (NaCN) and cyanide solution from cassava. It can be observed that the yellowish portion of each micrograph showed a gradual increase in the quantity of gold leached as the concentrations of sodium cyanide (NaCN) and cyanide solution from cassava increase. Figure 3 shows the result of the gold cyanidation procedure using cyanide solution extracted from cassava and the commercially available sodium cyanide analar grade. It can be observed that as the concentration of the lixiviants increased, the gold yield obtained increased. It should be noted that further refining of the earlier gold yield was accomplished by acid leaching (HNO 3 ) and consequently led to increased gold yield. This is because HNO 3 is a more powerful oxidizing agent than H 2 SO 4 .
The mechanism of cyanide lixiviation is as schematized below: 
After 24 hours of cyanidation and analar grade sodium cyanide concentration of 2%, 10 g gold ore concentrate yielded 0.123 g (123 mg). Also, under the same condition and using cassava based cyanide concentration of 2%, 10 g gold ore concentrate yielded 0.098 g (98 mg). The percentage yield of gold from Itagunmodi gold ore, Ilesa-Nigeria and those from the other countries are as presented below in Table 1 . These results have shown that the Itagunmodi (Nigeria) gold ore deposit is richer in native gold particles than those of Igun (Nigeria), Australia and Saudi Arabia deposits. According to [9] and [14] , Australia and Saudi Arabia deposits contain mainlygold in the form of gold sulphide. The sulphide ore did not allow the direct attack of the gold particles by the cyanide solution in the ore because gold particles were locked in the sulphides.
Extraction of gold from Igun deposit did not pass through acid leaching after cyanidation to unlock the residual gold particles.
On the gold yield, with 2% concentration of analar grade sodium cyanide, 1.23% gold was recovered while with 2% concentration of cassava based cyanide, 0.98% was recovered. In terms of gold recovery efficiency, the performance of analar grade sodium cyanide was greater than cassava based cyanide by a difference of 0.25%. Table 2 shows the EDXRFS result of Itagunmodi gold ore, gold extracted using 2% sodium cyanide analar grade and 2% cyanide obtained from cassava respectively. The chemical analysis showed that Itagunmodi gold ore and gold extract contain magnesium, aluminium, silicon, phosphorus, sulphur, potassium, calcium, titanium, vanadium, chromium, manganese, cobalt, iron, nickel, copper, zinc, arsenic, yittirium, lead, tungsten, gold, silver and rhobium. The presence of these associated minerals has been earlier reported by [15] - [17] . It can be observed that only the gold yield or extract from 2% concentration of sodium cyanide analar grade and 2% cyanide obtained from cassava was examined using EDXRFS because they produced the highest gold recovery efficiency. One striking feature is that the high quantity of iron (Fe) discovered in the ore (23%) was as a result of the large composition of laterite sand in the ore during mining process. The high quantity of iron was observed to have been drastically reduced after cyanidation process to 0.56% and 0.89% respectively. Also, titanium oxide which was found in high quantity (31%) in the ore has been reduced after the cyanidation process to 0.3% and 0.5% respectively. However, it is surprising to observe a sudden increase in the amount of tungsten oxide from 6% in the ore to about 102% and 91% respectively. This may be due to difference in instrumentation error. The gold oxide was observed to increase from 19% in the gold ore to 209% and 192% respectively. This can be attributed to the acid leaching process after cyanidation in order to accomplished better purity of the obtained gold particles.
Conclusions
 After 24 hours of cyanidation and concentration of 2% CN on 10 g gold ore concentrate, the analar grade sodium cyanide yielded 0.123 g while the cassava based cyanide yielded 0.098 g. The performance of analar grade sodium cyanide is greater than cassava based cyanide by a difference of 0.25%.  The SEM shows that the morphology of the particles of gold ore from Itagunmodi deposit is in trihedron shapes while the morphology of gold extracted from the gold ore is in tetrahedron and hexahedron shapes.  The average particle size of the gold ore was evaluated statistically to be 106 µm while that of the gold extracted was found to be 412 µm.  The particles size distribution revealed that the gold extracted had better homogeneity than that of the gold ore. 
